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Objective: Cervical spinal cord injury (tetraplegia) is known to interrupt sympathetic vasculature control, thereby
preventing shunting of blood from the periphery to central organs when exposed to cold temperatures. As a
result, persons with tetraplegia are at risk to develop hypothermia. However, information regarding the
discomfort experienced during the cooler months (late fall, winter, early spring) is overwhelmingly anecdotal.
It is not known, with any certainty, how those with tetraplegia perceive cold and if discomfort in colder
environments restricts them from performing activities that they routinely would perform.
Design: Prospective, two-group, self-report surveys.
Setting: VA Medical Center and Kessler Institute for Rehabilitation.
Participants: Forty-four subjects with tetraplegia; 41 matched non-SCI controls.
Outcome Measures: Tetraplegic and control groups responded “yes” or “no” when asked whether cold
seasonal temperatures allowed comfort or negatively affected participation in routine activities.
Results: Percentage of responses of tetraplegia compared to controls was different as to whether they felt cold
when others in the same room were comfortable (82 vs. 24%; χ2 = 28.2, P < 0.0001), felt comfortable outdoors
(17 vs. 43%; χ2 = 6.8, P = 0.009), or whether cold negatively affected bathing routines (55 vs. 15%; χ2 = 14.8,
P = 0.0001), keeping physician appointments (46 vs. 12%; χ2 = 11.3, P = 0.0008), thinking clearly (41 vs. 7%;
χ2 = 12.9, P = 0.0003), and completing usual work duties (46 vs. 10%; χ2 = 13.3, P = 0.0003).
Conclusion: Cold seasonal temperatures have a reported greater negative impact on personal comfort and
ability to perform vital activities in persons with tetraplegia than that of non-SCI controls. These findings
highlight the need to address thermoregulatory impairment in persons with tetraplegia.
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Introduction
Injury to the spinal cord at the cervical level (tetraplegia)
is known to interrupt motor, sensory, and sympathetic
pathways below the lesion level.1–7 However, the impair-
ment of hypothalamic regulation of cutaneous vasocon-
striction and shivering during cold exposure and of

cutaneous vasodilation and sweating during heat
exposure after spinal cord injury (SCI) is not as well
recognized, leaving persons with SCI vulnerable to
both hypothermia and hyperthermia, respectively. This
study addresses the impact of dysfunctional thermogenic
mechanisms on comfort and quality of life (QoL) during
the cooler seasons.
In able-bodied persons exposed to cold environments,

sensory input from cutaneous and more central thermal
receptors stimulate neurons in the preoptic-anterior
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hypothalamus, which mobilize neurons in the posterior
hypothalamus and paraventricular nucleus to effect a
sympathetic-mediated response.8 Within minutes of
cold exposure, plasma levels of circulating norepi-
nephrine, epinephrine, and cortisol have been shown
to increase due to sympatho-adrenal stimulation.9 The
resultant peripheral vasoconstriction shifts blood
volume from the superficial to the deeper central com-
partment, rapidly increasing thermal insulation to pre-
serve core temperature at the expense of less vital,
more superficial tissues.10,11 With continued exposure
to cold, the posterior hypothalamus will induce involun-
tary shivering to promote the production of heat above
that of the basal metabolic rate (BMR).12

Persons with tetraplegia are predisposed to subnor-
mal core temperatures (Tcore) and hypothermia second-
ary to multiple factors. The interruption of sensory
pathways to the cortex and hypothalamus impairs be-
havioral and involuntary responses to cold ambient
temperatures, respectively. The inability to appropri-
ately augment norepinephrine levels, due to either
partial or complete interruption of supraspinal modu-
lation of the sympathetic nervous system,13 limits sym-
pathetic vasculature control, thereby preventing
shunting of blood from the periphery to central organs
when exposed to cold temperatures. Shivering is typi-
cally both delayed and limited,3 thereby attenuating
any increases in metabolic rate,6 and combined with
impaired vasoconstriction and lean tissue atrophy,14

leads to steadily decreasing Tcore following cold
exposure (18.0–24.0°C) in persons with tetraple-
gia.1,3,6,15,16 The combined effects of these impairments
after a high-level SCI (lesion level above T6)17 results in
an increased likelihood of subnormal Tcore (i.e.
35.5–36.5°C) and increased vulnerability to hypother-
mia (Tcore < 35.0°C), both of which have been reported
in veteran in-patients with tetraplegia.18

Survey studies have been used to assess the impact of
SCI and its secondary consequences on specific QoL
factors.19–25 Westgren et al. used the Swedish version
of the Short Form 36 (SF36) Health Survey to assess
QoL and found that persons with SCI scored signifi-
cantly lower in all subscales compared to the non-SCI
population.25 Budh et al. assessed life satisfaction in
persons with SCI and found that pain negatively
affected QoL, while anxiety and depression were predic-
tive for decreased life satisfaction.19 Clayton et al. used
the Life Situation Survey to determine perceived QoL.20

Martin Ginis et al. found a positive relationship between
level of physical activity and subjective well-being in
persons with SCI.23 Djikers found that on average,
persons with SCI reported fewer feelings of well-being

than non-SCI persons, scored lower in areas of physical,
mental, and social health, and scored lower in domains
that most people consider important to QoL.21

However, none of these surveys have addressed the
impact of thermal dysregulation after SCI on QoL.

More recently, Tulsky et al. developed the SCI-QOL
as a comprehensive tool to categorize the various
domains commonly affected by SCI in order to assess
the impact of SCI on overall QoL.26,27 The SCI-QOL
includes medical (bowel and bladder issues, pressure
ulcers), emotional (depression, anxiety, resilience, posi-
tive affect and well-being, grief and loss, self-esteem,
stigma, and psychological trauma), and social (partici-
pation, satisfaction, and independence) domains, along
with the physical functioning items from the Spinal
Cord Injury-Functional Index (SCI-FI),28 and the
sleep disturbance from the Patient-Reported Outcomes
Measurement Information System (PROMIS).29,30

However, although the SCI-QOL addresses the impact
of many of the consequences of SCI on QoL, it too
does not address the impact of thermal dysregulation
on QoL.

Despite recent increased recognition of thermoregula-
tory dysfunction after SCI,31,32 along with the avail-
ability of a limited objective thermoregulatory
dysfunction assessment instrument,33 instruments to
assess the impact of thermal dysregulation on QoL are
lacking. Information regarding the effect of dysfunc-
tional thermoregulatory mechanisms on personal
comfort, activities of daily living (ADL), instrumental
ADL (IADL), and QoL issues experienced by persons
with tetraplegia during the cooler seasons is overwhel-
mingly anecdotal. It is not known, with any certainty,
how those with tetraplegia perceive cold and if discom-
fort in colder environments restricts them from activities
that they routinely would perform.

The objective of this study was to determine if the
cooler seasons affect personal comfort or performance
of ADL and IADL, variables which contribute to
QoL, differently in persons with tetraplegia than that
of non-SCI controls. Based on our experience with
persons with SCI during the winter months, we hypoth-
esized that persons with tetraplegia would report greater
discomfort and greater limitations in ADL and IADL
during the cooler seasons compared to non-SCI
controls.

Methods
The experimental design was a two-group causal com-
parative study. Forty-four persons with tetraplegia (male
[n= 42], female [n= 2], C2–7, American Spinal Injury
Association [ASIA] Impairment Scale [AIS] A-C) and
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41 matched, non-SCI controls (male [n = 29], female
[n= 12]) from the New York and New Jersey area volun-
teered for study participation by signing an informed
consent document approved by either the James J.
Peters Veterans Administration Medical Center
(VAMC) or the Kessler Foundation Research Center
Institutional Review Boards (Tables 1, 2).
Subjects were administered two surveys (Thermal

Comfort, Thermal Activity). Although carefully con-
structed and based on the most frequent complaints
and feedback of our subjects during the colder
months, the survey questions were not validated
through focus groups, formal interviews, etc., as has
been performed with several of the other surveys men-
tioned, e.g. the SCI-QoL.27

The Thermal Comfort Survey was designed to deter-
mine how comfortable the subject felt indoors and out-
doors during the colder months of the year (late fall,
winter, early spring). Subjects were asked how many
articles of clothing they needed to wear in order to be
comfortable indoors and outdoors and to compare
that amount with people without an SCI who were in
the same immediate environment. Subjects were also
asked to rate their typical thermal discomfort, indoors
and outdoors, using the 7-point American Society of
Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE) Thermal Sensation scale (–3 =

very cold, –2 = cold, –1 = cool, 0 = neutral/comforta-
ble, +1 = warm, +2 = hot, +3 = very hot).34,35

Subjects were asked what percent of the time (0%,
25%, 50%, 75%, 100%) they felt each of the 7
ASHRAE thermal sensations, in indoor and outdoor
conditions. We have converted subjects’ responses for
the 7 ASHRAE sensations into dichotomous variables,
“yes” or “no”, for feeling comfortable. Subjects who
reported feeling “0” (neutral/comfortable) for only 0%
or 25% of the time were rated as “no”, feeling uncomfor-
table in that environment. Subjects who reported feeling
“0” (neutral/comfortable) for 50% to 100% of the time
were rated as “yes”, feeling comfortable in that environ-
ment. The Thermal Activity Survey was designed to
determine if the colder ambient temperatures during
late fall, winter, and early spring negatively affected
the subject’s ability to complete their routine daily
activities, work duties, and IADL, maintain their
usual social schedule, and attend scheduled medical
appointments. Tetraplegic and control groups
responded “yes” or “no” when asked whether tempera-
ture-induced discomfort negatively affected their partici-
pation in these activities during colder months.
The surveys were administered at either the James J.

Peters VAMC in the Veterans Affairs Rehabilitation
Research and Development (VA RR&D) National
Center for the Medical Consequences of SCI or at the
Kessler Institute for Rehabilitation. The administration
of the surveys was in the presence of a member of the
investigators’ team or if travel was difficult for a
subject, by phone. Subjects were asked to frame their
responses based on their experience during the cooler
months of the year, specifically during the late fall,
winter, and early spring seasons.

Statistical analysis
To determine if the number of responses (either yes or
no) differed between the two groups (tetra, non-SCI),
a χ2 test for homogeneity was employed. Statistical sig-
nificance was set at P < 0.05. Data were analyzed using
IBM SPSS software (version 22.0, IBM Corp., Armonk,
NY, USA).

Results
The tetraplegic and control groups were not significantly
different for age, height, weight, or body mass index
(Table 1). For the questions that assessed personal
comfort in the Thermal Comfort Survey, the percent of
subjects with tetraplegia who responded “yes” was sig-
nificantly different compared to controls, when asked
whether cold seasonal temperatures 1) required them
to wear a hat, gloves, and/or a coat indoors in order

Table 1 Characteristics of the tetraplegic and control groups

Characteristic
Tetraplegia (n = 44)

Mean ± SD
Controls (n = 41)

Mean ± SD
P-

value

Age (yrs) 48.7 ± 13.8 45.9 ± 16.1 0.38
Height (m) 1.77 ± 0.1 1.75 ± 0.1 0.52
Weight (kg) 77.05 ± 14.7 80.6 ± 14.7 0.27
BMI (kg/m2) 24.6 ± 4.3 26.1 ± 3.5 0.09
DOI (yrs) 17.8 ± 12.1 NA NA
Male/Female 42/2 29/12 0.001

Group averages (± standard deviation) for age (years), height
(meters), weight (kilograms), BMI, body mass index (kilograms/
meter2), DOI, duration of injury (years), and number of male and
female subjects.

Table 2 AIS classification scores of subjects with tetraplegia

LOI AIS A (n = 16) AIS B (n = 19) AIS C (n = 9)

C2 1 1
C3 1 1
C4 3 6 1
C5 7 7 6
C6 4 4
C7 1 1

Level of Injury (LOI) and American Spinal Injury Association
(ASIA) Impairment Scale (AIS) for each subject with tetraplegia.
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to stay comfortable (80 vs. 12%; χ2 = 38.6, P < 0.0001),
2) required them to wear more articles of clothing than
other persons in the same immediate environment (both
indoors and outdoors) to stay comfortable (75 vs. 17%;
χ2 = 28.6, P < 0.0001), 3) caused them to feel cold
indoors while others in the same room were comfortable
(82 vs. 24%; χ2 = 28.2, P < 0.0001), and 4) allowed
them to feel comfortable indoors (28 vs. 67%; χ2 = 13,
P = 0.0003) and outdoors (17 vs. 43%; χ2 = 6.8, P =
0.009) (Fig. 1).

For the eight questions that assessed performance of
activities, a significantly greater percent of subjects
with tetraplegia, compared to controls, responded
“yes” that cold seasonal temperatures negatively
affected their ability to 1) perform their bathing
routine (55 vs. 15%; χ2 = 14.8, P = 0.0001), 2) maintain
their social schedule (68 vs. 32%; χ2 = 11.3, P = 0.0008),
3) perform IADL (77 vs. 46%; χ2 = 8.6, P = 0.003), 4)
keep scheduled medical appointments (46 vs. 12%;
χ2 = 11.3, P = 0.0008), 5) sleep (55 vs. 24%; χ2 = 8,

P = 0.005), 6) think clearly (41 vs. 7%; χ2 = 12.9, P =
0.0003), 7) complete their usual work duties (50 vs.
10%; χ2 = 16.2, P = 0.0001), and 8) perform usual
work duties (46 vs. 10%; χ2 = 13.3, P = 0.0003) (Fig. 2).

Discussion
The subjective experience of the late fall, winter, and
early spring months is different in persons with tetra-
plegia than non-SCI controls. The responses to ques-
tions 1 through 3 on the Thermal Comfort Survey
demonstrate that persons with tetraplegia need signifi-
cantly more clothing to provide insulation than is cus-
tomary for indoor conditions (i.e. hat, gloves, and/or
coat) and more insulation than non-SCI persons in the
same environment, whether indoor or outdoor (Fig. 1).

We can attribute this need for greater external insula-
tion to the interruption of brainstem control of sympath-
etic efferent pathways after high-level SCI.7,32,36 These
pathways are normally responsive to hypothalamic
modulation for vasoconstriction and shivering during

Figure 1 Percent (%) of subjects in each group who responded “yes” to each of the six questions of the Thermal Comfort Survey.
The percent of subjects with tetraplegia who responded “yes”was significantly different compared to non-SCI controls. Asterisk (*)
indicates χ2 P-value < 0.05.

Figure 2 Percent (%) of subjects in each group who responded “yes” to each of the eight questions of the Thermal Activity Survey.
The percent of subjects with tetraplegiawho responded “yes” that cold seasonal temperatures negatively affected the performance
of these activities was significantly different compared to controls. Asterisk (*) indicates χ2 P-value < 0.05.
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cold exposure to conserve heat and increase thermogen-
esis, respectively.10,12 Peripheral vasoconstriction shifts
blood volume from the superficial to the deeper
central compartment, rapidly increasing thermal insula-
tion to preserve core temperature at the expense of less
vital, more superficial tissues.10,11 With continued
exposure to cold, the posterior hypothalamus induces
involuntary shivering to promote the production of
heat above that of the basal metabolic rate.12

In persons with neurologically complete tetraplegia
(AIS-A), the skin below the level of lesion is insentient,
so information of cool ambient temperatures is not
transmitted to the hypothalamus.2,3,37,38 This interrup-
tion of sensory feedback, along with the decentralization
of descending sympathetic pathways, impairs the ability
of the hypothalamus to regulate peripheral vasoconstric-
tion and increase insulation, causing peripheral heat loss
to be greater in persons with tetraplegia than in non-SCI
persons. Additionally, the impaired sensory feedback of
skin temperature also delays the onset of shivering,
which, when combined with skeletal muscle paralysis
below the level of lesion and the loss of lean tissue
mass, severely limits thermogenesis. Indeed, the ability
to increase BMR in persons with tetraplegia has
been reported to be ∼50% compared to increases of
200–500% in non-SCI controls.6 Thus, the interruption
of sympathetic integrity, after cervical SCI, impairs
both peripheral vasoconstriction and thermogenesis,
increasing the vulnerability of persons with tetraplegia
to hypothermia.
The responses to questions 4 through 6 of the Thermal

Comfort Survey demonstrate that, despite compensating
with additional clothing, almost all persons with SCI
complained of feeling cold even though able-bodied
persons in the same environment were comfortable
and, whether indoors or outdoors, persons with tetraple-
gia were much less likely to report feeling comfortable
during the colder months than non-SCI controls
(Fig. 1).
The subjective findings of the Thermal Comfort

Survey are supported by the objective findings of
Kahn et al. who demonstrated that, in veterans with tet-
raplegia, subnormal core body temperatures
(35–35.5°C) occurred twice as frequently as in non-
SCI individuals, causing those with higher SCI to be
particularly vulnerable to hypothermia, despite
exposure to relatively mild environmental tempera-
tures.18 In the current study, the Tcores of persons
with tetraplegia were not measured at the time of
survey completion. However, in one of our recently pub-
lished studies, similar levels of subjective discomfort
were reported in persons with tetraplegia and controls,

even though the average Tcore of those with tetraplegia
approached mild hypothermia while the average Tcore
of the control group was euthermic.16 Therefore, we
speculate that the Tcore of those subjects with tetraple-
gia who reported discomfort on the survey may have
been approaching mild hypothermia as well.
We speculate that this experience of greater discom-

fort during colder seasons than non-SCI counterparts
may predispose persons with SCI to pain, anxiety, and
depression. Life satisfaction was shown to be lower in
persons with SCI who had pain compared to those
that did not, while higher levels of depression and
anxiety were predictive of decreased life satisfaction.19

The responses to questions 1, 2, 4, and 6 through 8 of
the Thermal Activity Survey indicate that persons with
tetraplegia responded “yes” much more frequently that
cold seasonal temperatures negatively affected these
routine activities compared to non-SCI controls.
Discomfort due to the cold may have been the factor
causing this negative impact on their bathing routine,
social schedule, and ability to sleep (Fig. 2).
Of particular interest were the results from questions 3

and 5 (Fig. 2). For question 3, 46% of the group with tet-
raplegia reported that their adherence to medical
appointments was negatively affected by cold seasonal
temperatures. This negative effect may also be second-
ary to discomfort due to feeling cold, as discussed
above. Persons with tetraplegia have increased medical
needs, as noted by the greater prevalence urological con-
ditions, pulmonary infections, diabetes, cardiovascular
disease, constipation, osteoporosis, and skin break-
down.14,39–44 The impact of missing medical appoint-
ments, in persons who already have greater medical
needs than typical able-bodied controls, may jeopardize
optimal clinical care.
Question 5 of the Thermal Activity Survey indicates

that 41% of the group with tetraplegia responded that
cold seasonal temperatures negatively affected their
ability to think clearly as opposed to only 7% of con-
trols. Not thinking clearly in persons who require
increased vigilance for attending to their medical needs
and adhering to complex medical routines may also jeo-
pardize attainment of optimal health and contribute to
increased hospital re-admissions. The responses to ques-
tion 5 are supported by the results of a previous study
that exposed 7 persons with tetraplegia and 7 matched
able-bodied controls to cool ambient temperature
(18°C) for up to 2 hours.16 The study demonstrated a
decline in Tcore, after cool challenge in the group with
tetraplegia only. The decline in Tcore was associated
with a decline in cognitive performance, in the areas
of working memory and executive function.16 There
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was no such decline in Tcore or cognitive performance
in the control group.

Limitations
The relatively small sample size of approximately 40
subjects in each group limits extrapolation of our
results to the general population with SCI, as well as
determining the influence of gender on our results.
The ratio of male/female subjects is greater in the
group with tetraplegia than controls. However, this
gender distribution is more representative of the
typical population with SCI. The small sample size
limits our ability to discern differences among persons
who have different AIS classifications. However, it
may be anticipated that exposure to cold temperatures
would be associated with greater discomfort and impair-
ment on activities in those with higher and/or more
complete (i.e. AIS A and B compared to AIS C) neuro-
logical injuries.

Although cold exposure had a negative impact on
comfort and the performance of routine activities,
there are other responses to cold exposure besides
discomfort which could also negatively affect these
activities, e.g. increased spasticity, muscle stiffness,
arthralgia, etc.45–48 The presence of these additional
factors and their impact on the performance of routine
activities were not addressed in this survey.

Implications
There are no reports, other than anecdotal, that provide
findings that the experience of the cooler seasons and its
effects on routine activities are different in persons with
tetraplegia compared to controls. The findings of this
study help identify the existence of a problem (affecting
personal comfort, ADL, and QoL) and identify the need
for exploring safe and efficacious interventions (exercise,
diet, medical, clothing, specific guidelines for cold
exposure) to enhance maintenance of Tcore during
exposure to cold ambient temperatures in persons with
SCI. The results of research in this area of study may
translate into improved clinical care, less hospitaliz-
ations, and an increased QoL for persons with SCI.

Conclusion
The cold seasonal temperatures of late fall, winter, and
early spring have a greater negative impact on the per-
sonal comfort and ability to perform vital routine activi-
ties of persons with tetraplegia than that of non-SCI
controls. These limitations have not been reported to
date and appear to present a limiting factor to attaining
optimal QoL in persons with tetraplegia.

The findings of this study warrant continued investi-
gation on the effects of impaired thermoregulation in
persons with SCI. Future research should explore safe,
effective interventions that may enhance maintenance
of Tcore in cool weather and mitigate the deleterious
effects of lower environmental temperatures on
comfort and ADL in persons with tetraplegia.
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